gynecological disease with its incidence steadily rising due to lack of awareness, proper screening protocols, and late detection. 5 In India, the peak age (age 45-50 years) of onset of breast and ovarian cancers occurs 10 years earlier, compared to those reported in developed countries. 6 Cancer metastasis to distant organs and their late-stage detection are the major cause of mortality in females with breast and ovarian cancers. Metastasis of primary tumors by local invasion into surrounding tissue, and subsequent progression to a distant site where it starts forming new tumor colonies have been observed in many cases, and involve a series of intruding events known as an invasion metastasis cascade. 7 In breast cancer, invasive ductal carcinoma (IDC), and in ovarian cancer, serous ovarian carcinoma (SOC), are the most frequent and aggressive histological type of cancer metastasizing to different organs. 8, 9 According to the American Cancer Society, the most common type of breast cancer is ductal carcinoma, and lobular carcinoma, which has a 30% probability of spreading to the ovary, is the common type of ovarian cancer. 10 In addition, depending on the breast cancer molecular subtype, it can spread to different organs such as bones, brain, lungs, and the liver. 8 Similarly, ovarian cancer has the potential to spread to the abdominal region, and in some cases, to the breast. 11 However, de novo breast and ovarian cancer metastases, which could depend on the intrinsic properties of both malignant cells and microenvironment of metastasis-susceptible organ, has also been reported in some cases before the primary diagnosis of cancer. 12, 13 Although breast and ovarian cancers are clinically distinct, mutations in tumor suppressor genes (BRCA1/2, p53, and PTEN) and proto-oncogenes, and changes in hormone regulation and microenvironment, indicate the similarities between breast and ovarian cancer. 14 To date, studies have focused on miRNA expression 15 mutations in breast cancer susceptibility genes BRCA1/2, 16 and tumor suppressor genes, such as PTEN and P53, 14 to uncover and predict the metastatic organotropism patterns of breast and ovarian cancers. Due to the heterogeneous and asymptomatic nature of breast and ovarian cancers, their early detection has been difficult using traditional methods such as mammography, 17 blood flow patterns by color-flow Doppler imaging and transvaginal ultrasound examination, 18 due to high diagnostic costs and radiation exposure. Nevertheless, some degree of success has been achieved for diagnostic and predictive testing using BRCA1/2 mutations 19 including identification of protein markers for cancer susceptibility using CA15-3 20 and CA-125 21 from tissue, serum, blood, or saliva, and human epididymis (HE) protein from tissue. 22 Similarly, mass spectrometry (MS)-based analysis with two-dimensional gel electrophoresis (2-DE) and Affymetrix HG-U133-Plus-2.0 Array have also been extensively used for early detection of different cancers such as lung, gastric, breast, and pancreatic cancers. 23 Historically, blood has been the primary diagnostic body fluid for analyzing changes in analyte concentration as an indicator of pathophysiological state. However, due to its noninvasive and ease of collection method, saliva has gained momentum as a body fluid that can be used to identify protein markers for a number of diseases, both local (eg, oral, periodontal disease 24 and primary Sjögren's syndrome 25 ) and systemic, including breast and ovarian cancers. 23 In fact, women with systemic diseases, such as breast and ovarian cancers, have been reported to have impaired salivary gland function and protein composition. 26 Thus, the aim of the present study was to identify salivary proteins from breast and ovarian cancer patients that could be indicative of metastatic breast and ovarian cancers. Concurrently, an attempt was also made to identify proteins in response to combined drug therapy (paclitaxel and carboplatin). Results of the present study identified a number of differentially expressed salivary proteins (eg, coronin-1A, vasodilator-stimulated phosphoprotein) by MS in different groups, in response to drug therapy in post-chemotherapy ovarian cancer patients. Moreover, this study also provides observations of striking level of interaction among proteins within a group through network analysis.
| MATERIALS AND METHODS

| Confirmation of cancer in patients and saliva collection
The clinical research protocol for the collection of human whole saliva, by written informed consent, was approved by the Institutional Review Board (IRB) of Rajiv Gandhi Cancer Institute and Research Centre, Delhi (RGCI & RC). Recruitment of subjects with breast cancer was based on confirmation by mammography, fine needle aspiration cytology (FNAC), and fluorodeoxyglucose-positron emission tomography (FDG-PET). Subjects with ovarian cancer were confirmed by FNAC, computed tomography (CT), and FDG-PET. Effect of chemotherapy was inspected by FDG-PET. Saliva samples were collected from healthy human individuals as controls (HS, N = 20), breast cancer patients (CAB, N = 24), ovarian cancer patients (CAO, N = 14), and ovarian cancer patient receiving neoadjuvant chemotherapy (CAOAC, N = 10) with paclitaxel and carboplatin (minimum having/after three cycles of chemotherapy). All females were screened to ensure good oral health with normal salivary function, and were not included in this study if they were undergoing hormonal replacement therapy or lumpectomy or oophorectomy surgery. Unstimulated whole saliva was collected between 5:00 PM to 7:00 PM into sterile falcon tubes and stored on ice. Immediately after collection, 1/20th volume of 1X Protease Cocktail Inhibitor (Roche, Basel, Switzerland) was added to the saliva samples and stored at −80°C until further processing. Clinical details of the CAB, CAO, and CAOAC group patients are listed in Tables 1-3 . CAB, cancer antigen of breast; NA, not applied; RB, right breast; LB, left breast; IDC, invasive ductal carcinomas; ER, estrogen receptor; PR, progesterone receptor; and Her2/Neu, human epidermal growth factor receptor; TNBC, triple negative breast cancer; and pathological stages were classified (TNM staging, T = tissue, N = lymph node, M = metastasis) on the basis of histopathology reports of RGCI&RC.
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| Salivary protein extraction
Saliva samples were thawed and centrifuged at 3000× g for 15 minutes at 4°C to separate the supernatant (proteins) from the pellet (broken cells). For MS analysis, protein concentration was determined by the Bicinchoninic acid (BCA) protein assay kit (ThermoFisher Scientific, San Jose, CA) as per the manufacturer's instruction. Equal amount of protein (30 µg) was aliquoted from each subject within a group (N = 10) and pooled to normalize the difference between subjects and enhance the detection of low abundant proteins. Twenty-five micrograms of salivary protein from HS, CAB, CAO, and CAOAC were precipitated with ethanol at 4°C overnight. After centrifugation, the protein pellet was dissolved in 8 M urea/100 mM Tris pH 8.5.
| Protein processing and trypsin digestion
The samples were first reduced with 5 mM tris (2-carboxyethyl) phosphine (TCEP) and cysteines were alkylated by adding 20 mM final concentration of iodoacetamide (IAA). Subsequently, the samples were digested overnight at 37°C in a final concentration of 2 M urea with 100 mM Tris-HCl, pH 8. 
| Protein identification by mass spectrometry
One microgram of the digested peptide mixture were run in technical duplicates on a precolumn and resolved using a 15-cm Pico-Frit filled with 1.8 μm C18-resin in an EASY-nanoLC 1000 system using an auto sampler (ThermoFisher Scientific). The peptides were eluted using a linear gradient of H2O:CH3CN (98:2, 0.1% formic acid) to H2O:CH3CN (60:40, 0.1% formic acid) at ∼300 nL/min over 105 minutes. High voltage (1800 V) was applied to the low-volume tee (Upchurch Scientific) and the column tip positioned ∼0.5 cm from the heated capillary of a QExactive mass spectrometer (ThermoFisher Scientific). Positive ions were generated by electrospray with the QExactive operating in top10 HCD data-dependent acquisition mode with a full scan resolution of 70 000 at m/z 400. MS/MS scans were acquired at a resolution of 17 500 at m/z 400. Lock mass option was enabled for polydimethylcyclosiloxane (PCM) ions (m/z = 445.120025) for internal recalibration during the run.
| Database searching
All LC-MS/MS data were searched using the MASCOT algorithm within Proteome Discoverer 2.2 (ThermoFisher Scientific) against the Uniprot Human proteome database to obtain peptide and protein identifications. For all searches, trypsin was specified as the enzyme for protein cleavage allowing up to two missed cleavages. Oxidation (M) and carbamidomethylation (C) were set as dynamic and fixed modifications, respectively. For Sequest HT and MS Amanda 2.0 search, the precursor and fragment mass tolerances were set at 10 ppm and 0.5 Da, respectively. Both peptide spectrum match and protein false discovery rate were set to 0.01 FDR and determined using percolator node. Relative protein quantification of the proteins was performed using the Minora feature detector node of Proteome Discoverer2.2 with default settings using peptide spectrum matches (PSM) with confidence. The MS data has been deposited to the ProteomeXchange Consortium (http:// proteomecentral.proteomexchange.org) with the PRIDE partner repository with the dataset identifier PXD011541. Search Tool for the Retrieval of Interacting Genes (STRING) version 10.5 (http://string-db.org/), an online protein-protein interaction database, curated from literature and predicted associations from systemic genome comparisons was used to identify protein-protein interactions. Proteins from all four groups were analyzed and their interactions and functional linkage was displayed according to their confidence, evidence, actions, or interactions.
| Statistical analysis
The statistical analysis of the dataset containing up-or downregulated proteins (arbitrary fold change cut-off ≥2 or ≤0.5) in all four samples including proteins identified only in one group (eg, HS, CAB, CAO, and CAOAC) were analyzed by Origin Software, 2018 (Origin Lab Corporation, www. OriginLab.com, Northampton, MA) and Microsoft Office Excel 2013. To compare all four sample groups, one-way ANOVA (P < 0.05) was applied. Heat maps were generated by hierarchical clustering with Euclidean distance and average linkage by using the Heat mapper webserver. 27 The list of all proteins found in HS, CAB, CAO, and CAOAC were annotated and summarized at different gene ontology categories using the PANTHER Classification System, 13.1.
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Venn diagrams across four sample sets were generated in Origin software. A paired t-test was applied for each comparison to generate volcano plots using Origin software.
| Western blot
The differential expressions of selected proteins were confirmed in pooled samples (N = 10) across four groups (HS, CAB, CAO, and CAOAC). Additionally, protein expression was verified on individual subjects/patients using two cohorts to determine if an outlier was influencing our results: cohort 1: subjects/patients (N = 5) used for the discovery dataset and cohort 2: subjects/patient (N = 5), an independent cohort. Forty micrograms of protein from each group was separated in 12% SDS PAGE in a Mini-PROTEAN® Tetra Hand cast System (Bio-Rad, Hercules, CA). Protein was transferred onto nitrocellulose membranes (Pall Corporation, Pensacola, FL) for 2 hours at 30 V. Membranes were blocked for 2 hours with 5% nonfat dry milk with 0.05% Tween 20 (TBST) at room temperature. Subsequently, blots were probed with antibodies against rabbit polyclonal fibrinogen-α (1:1000, Santracruz, TX) as a loading control, rabbit polyclonal gelsolin (1:1000, Sigma Aldrich, St. Louis, MO), rabbit monoclonal glyceraldehyde-3-phosphate dehydrogenase (ThermoFisher Scientific), rabbit monoclonal vasodilatorstimulated phosphoprotein (1:500, Cell signaling technology, Danvers, MA), or rabbit polyclonal haptoglobin (1:1000, Elabscience, Wuhan, China). The secondary antibodies were horse radish peroxidase (HRP)-labeled goat anti-rabbit IgG (Santracruz, Dallas, TX) or goat anti-mouse IgG (Santracruz), incubated at room temperature for 1 hour, developed using ECL Western blotting detection reagents (ThermoFisher, Scientific) and visualized using the ChemiDoc Imaging System (Bio-Rad).
| RESULTS
| Screening of tumor by imaging
The primary screening of breast and ovarian lesions of unknown primary site in women was performed by mammography and CT scans, respectively. Lesions in the left breast
(indicated by an arrow in a representative case) show high density with irregular margins in the upper inner quadrant in middle depth ( Figure 1A ). Based on the Breast Imaging-Reporting and Data System (BIRADS), the lesion was categorized as a five and positive for a predictive chance (approximately 95%) of having breast cancer. Ovarian lesions observed through CT scan (indicated by an arrow in a representative case) were diagnosed as a bilateral adnexal solid cystic lesion ( Figure 1B) . The left adnexal lesion measured 6.9 × 6.4 cm, while the right adnexal lesion was 2.7 × 2.4 cm with heterogeneous pattern of enhancement. The clinical findings by CT scan indicate a case of ovarian cancer with elevated levels of serum CA125: 81 U/mL (Normal CA125: <35 U/mL). Primary screening performed using FDG-PET/CT, based on the standardized uptake values of glucose (Normal: <2.5), to determine the lesion as malignant or normal showed a score of 5.8 and 19.2 for breast and ovarian lesions, respectively, indicating malignancy. The FDG-PET/CT images for breast and ovarian lesions are indicated by arrows including their SUVs ( Figure   1C,D) . Furthermore, FDG-PET/CT performed to predict the effect of neoadjuvant chemotherapy on the size of ovarian tumors showed 9.6 prior to chemotherapy ( Figure 1E ), while it was 3.1 after three cycles of combinational drug treatment ( Figure 1F ).
| Diagnosis of subjects with tumor by histopathology
Whole saliva samples were collected from subjects confirmed with either breast or ovarian tumor by histopathology, including confirmation of hormone receptor (HR) status (ER/ PR and HER2/neu) in breast cancer subjects using immunohistochemistry (IHC).
All the breast cancer patient (N = 10) tumors included in this study were histologically defined as invasive ductal carcinoma (IDC) subtypes and clinical/pathological stage IV. Two patients had triple negative breast cancer (ER-, PR-, and Her-) and all other subjects were either ER/PR positive/negative or Her2 positive/negative. HR status or immunohistochemistry was performed to determine the aggressiveness of breast cancer, as the expression of Her2/ neu positive (luminal B and Her-2 type) receptors is known to indicate an increase in aggressiveness of breast cancer or metastasis of breast cancer (MBC), while triple negative breast cancer grows very fast with poor prognosis. 29 Similarly, higher expression levels of progesterone positive receptor (Her-2 overexpression) in breast cancers has been correlated with later stage and promote tumor growth in younger women. 30 All the ovarian cancer subjects (N = 10)
and patients under treatment with neoadjuvant drug (N = 10) had tumors that histologically were defined as stage IV serous ovarian carcinomas. The key clinicopathological features of breast and ovarian cancer cases used in this study are listed in Tables 1-3 .
| Overall comparison of differentially expressed proteomic profiles between HS, CAB, CAO, and CAOAC
Differential expression of proteins was detected among HS, CAB, CAO, and CAOAC subjects. Each protein was deemed a confident match when the detection of at least two unique/different peptides was observed from a combined pool of MS/MS. Multiple analyses were performed for each pool by label-free quantification, and resulted in the identification of 645 proteins, of which 409 proteins were confidently identified and were subsequently analyzed. Collectively, a curated protein list from the four groups was compiled and a quantitation of alterations in abundance was performed based on precursor ion intensity. A Venn diagram (Figure 2A ) showed 352 common proteins and hierarchical clustering ( Figure 2B ) showed the pattern of change in protein abundance across all groups. Additionally, another heat map was generated to show if a protein was present (red) or absent (green) ( Figure 2C ) and to this end a total of 57 differentially expressed proteins were either present/absent exclusively in one group or common in any two/three groups.
| Group-wise comparison of identified proteins
A group-wise comparison of proteins identified by the MS/ MS performed against Uniprot Human database showed proteins either with no change in abundance (common in each group) or differentially expressed in each group including proteins identified only in one group. Supplementary Table S1 .
| Expression of proteins in CAB compared to HS
A total of 406 proteins were collectively identified in saliva samples from CAB patients and HS with less than 1% FDR. Based on abundance ratio (≥2 or ≤0.5) of normalized precursor ion intensity, 166 proteins were differentially expressed, of which 132 proteins were upregulated, while 34 were downregulated including 224 showing no change in abundance in CAB compared to HS. In addition, 13 and 3 proteins were identified exclusively in CAB and HS, respectively ( Figure  3A ). Graphical representation of the significance in the differential expression was quantitatively performed using volcano plots-log 10 (P value) vs log 2 (fold change) ( Figure 3B ).
| Expression of proteins in CAO compared to HS
A total of 407 proteins were collectively identified in saliva samples from CAO patients and HS with less than 1% FDR. Based on abundance ratio (≥2 or ≤0.5) of normalized precursor ion intensity, 175 proteins were differentially expressed, of which 22 were upregulated while 153 were downregulated including 201 showing no change in abundance in CAO patients as compared to HS. In addition, 13 and 18 proteins were identified exclusively in CAO patients and HS, respectively ( Figure  3C ). Graphical representation of the significance in the differential expression was quantitatively performed using volcano plots-log 10 (P value) vs log 2 (fold change) ( Figure 3D ).
| Expression of proteins in CAB compared to CAO
A total of 408 proteins were collectively identified in saliva samples from CAB and CAO patients with less than 1% FDR. Based on abundance ratio (≥2 or ≤0.5) of normalized precursor ion intensity, 239 proteins were differentially expressed, of which 234 were upregulated while 5 were downregulated including 144 showing no change in abundance in CAB as compared to CAO patients. In addition, 20 and 5 proteins were identified exclusively in CAB and CAO, respectively ( Figure  3E ). Graphical representation of the significance in the differential expression was quantitatively performed using volcano plots-log 10 (P value) vs log 2 (fold change) ( Figure 3F ).
| Expression of proteins in CAO compared to CAOAC
A total of 405 proteins were collectively identified in saliva samples from CAO and CAOAC patients with less than 1% FDR. Based on abundance ratio (≥2 or ≤0.5) of normalized precursor ion intensity, 216 proteins were differentially expressed, of which 50 were upregulated while 166 were downregulated including 148 showing no change in abundance in CAO as compared to CAOAC patients. In addition, 24 and 17 proteins were found exclusively in CAO and CAOAC, respectively ( Figure  3G ). Graphical representation of the significance in the differential expression was quantitatively performed using volcano plots-log 10 (P value) vs log 2 (fold change) ( Figure 3H ).
| Functional classification of identified proteins
All proteins with their respective Ensembl Gene IDs were characterized by gene ontology (GO) using PANTHER Classification System 13.1. Based on the biological processes, the proteins were classified into those involved in cellular processes (27%), metabolism (24%), cellular component organization or biogenesis (15%), response to stimulus (11.42%), biological regulation (11.11%), localization (8%), and developmental process (1.5%) ( Figure 4A ). The classification based on cellular components revealed the majority of the proteins were involved in the formation of cellular parts (41%), followed by organelle fractions (24%), extracellular (16%), or the macromolecular complex (16%) ( Figure 4B ). Analysis based on molecular function showed that most of the proteins were involved in catalytic activity (42%) and binding (40%), followed by structural molecule activity (3%), antioxidant activity (3%), transporter activity (2%), and signal transducers (1%) ( Figure 4C ).
| Protein interaction network analysis
STRING is a metadatabase program that generates a network of protein interactions from high-throughput experimental data, literature, and predictions based on genomic context molecular action due to a high score of ≥0.4. In contrast, fewer proteins (eg, coronin 1A, hsp-90α) were observed to be functionally linked and to interact within the CAO group ( Figure 5A ,B).
| Validation of proteomics results by western blot analysis
Candidate salivary proteins were selected to confirm and quantify their differential expression in all four groups based on protein log 2 fold changes based on their association with the either breast or ovarian cancer. Western blot (WB) analysis was performed on gelsolin (polyclonal, 1:1000), glyceraldehyde-3-phosphate dehydrogenase (1:1000), vasodilator-stimulated phosphoprotein (1:500), and haptoglobin (1:1000), while fibrinogen-α was used as the loading control. Gelsolin expression was significantly upregulated in CAB patients compared to HS and CAO patients, while it was downregulated in CAO compared to CAOAC patients. In contrast, no change in abundance was observed in CAO patients compared to HS. Vasodilatorstimulated phosphoprotein expression was higher in abundance in CAB and CAO patients compared to HS. Similarly, higher abundance of vasodilator-stimulated phosphoprotein was also observed in CAO compared to CAOAC patients. Haptoglobin and glyceraldehyde-3-phosphate dehydrogenase was significantly upregulated in CAB patients compared to all other patient groups ( Figure  6A-D) . WB analysis performed on individual samples (N = 5), previously used for the discovery dataset, showed similar expression trends verifying no individual samples influencing the overall differential expression of proteins in pooled samples. Similarly, WB performed on individual samples from an independent cohort (N = 5) had no outliers, and were consistent in their expression. However, haptoglobin had no significant expression in CAOAC patients, and when pooled were downregulated compared to healthy, breast, and ovarian cancer samples, as shown in Supplementary Figure S1A -D.
| DISCUSSION
Saliva, as a substitute for blood, has been increasing in use as an indicator of patients' health status and intervention outcomes, including its use as a source of potential markers for early disease diagnosis. 31 An important aspect that has been relatively unexplored is the use of potential markers to better understand metastatic organotropic behavior of breast and ovarian cancers, which has an incidence rate of 15%-30%. 3 Currently, BRCA1/2 mutation, PTEN, and p53 analysis are being studied to uncover organotropism including predictive analysis of HRs to investigate the molecular subtype of breast and ovarian cancers that can metastasize to distant organs using immunohistochemical staining or microarrays. 8, 14, 16 Although, early prediction of organotropism can decrease the incidence of cancer-related mortality in women, these clinical methods are invasive and expensive. 32 Similarly, neoadjuvant chemotherapy of sensitive/resistant proteins has been studied to determine effective treatments. Thus, the focus of our study was to proteins by isobaric tag for relative and absolute quantification (iTRAQ), of which 125 were differentially expressed. Contrastingly, 645 proteins were confidently identified and quantified, of which 409 proteins met the quantitative criteria of identification of two different peptides for analysis in our study. Metastatic cancer or distant recurrence is usually preceded by several months to years prior to establishment of diagnosis. Similar to pancreatic cancer, which starts to metastasize early. 35 De novo breast and ovarian cancer metastases are also diagnosed at an early stage, before primary diagnosis. 12, 13 Thus, to understand the metastatic behavior of breast and ovarian cancers, STRING analysis of upregulated proteins, known to be involved in controlling cell motility, was performed to uncover potential interactions that would regulate their downstream function in promoting metastasis, for instance, cell motility-related proteins such as coronin-1A (CORO-1A), a member of the WD repeat protein family, known to regulate cell signaling and cell migration. 36 In CAB patients, indirect interaction of CORO-1A with Rac1 through ARCT3 ( Figure 5A ) has been known to regulate Rac1 associated functions such as cell migration and invasion in multiple cancers, as well as in activation of c-Jun N-terminal kinase (JNK) and JNK-dependent cell motility. 37 Similarly, Rho small GTPase family proteins (eg, Rab11A, 11B), reorganize actin proteins related to cell motility, and have previously been reported to interact with moesin resulting in collective cell migration. 38 Moreover, proteins involved in cytoskeletal function or extracellular matrix (ECM) remodeling process, such as VASP, CORO-1A, CAP1, TPM4, PFN1, and COTL1 which are essential for tumor cell invasion, 39 were observed to be interconnected with each other or other cell motility proteins such as cofilin, gelsolin, ezrin ( Figure 5A ). Contrastingly in CAO patients, no such interaction was observed ( Figure 5B ). Other cell motility-related proteins like actin-cytoskeletal modulating proteins including ezrin-redixin-moesin family proteins, 40 F-actin-capping proteins, 41 cell division control protein-42, and Rab and Rho family proteins 42 were functionally linked ( Figure 5A ), but were either downregulated or showed basal expression in CAO subjects. These proteins with multiple functions could play a significant role, as reported in previous studies, in metastasis through assisting in the assembly or disassembly of actin, microtubules and cytoskeleton proteins of cells. Of significant interest, several estrogen responsive proteins such as HSP 70 and 90 were upregulated in CAB patients and have been previously linked to regulation of transcriptional activity. 43 In addition to 409 identified proteins, 352 proteins were common in all groups, while 57 were either present/absent exclusively in one group or common in any two/three groups. For example, hepatoma-derived growth factor (HDGF), a heparin binding protein, identified only in CAB patients has previously been reported to have a putative role in carcinogenesis and metastatic invasiveness of breast cancer through epithelial-mesenchymal transition (EMT). 44 Similarly, gelsolin, a tumor suppressor protein, was upregulated in CAB patients, while it is downregulated in CAO subjects. The change in abundance of gelsolin in CAB follows the same trend that has previously been reported in breast cancer and associated with the reversion of the transformed phenotype in malignant cells. 45 Additionally, upregulation of gelsolin has also been reported in erbB-2+ and EGFR+ as well as in aggressive breast cancer phenotype cell lines, resulting in enhanced motility, invasion, and metastatic potential. 45 Notably, upregulated expression of gelsolin in CAB patients is not surprising since study subjects were a confirmed population subset with erbB-2+ and EGFR+. 45 In contrast, downregulation of gelsolin in CAO subjects confirms previous results which also reported its lower expression in highly aggressive and poorly differentiated carcinomas. 46 Another family of proteins, the high-mobility group proteins (HMGPB1 and HMGPB2), also known as amphoterin, was detected in CAB, CAO, and CAOAC subjects while it was absent in HS. Brezniceanu et al 47 confirmed high expression of HMGPB1 in patients with breast carcinomas and a lack of HMGPB1 expression in healthy breast tissue. 47 High-serum HMGPB1 have also been associated with advanced stage and lymph node metastasis in ovarian cancer, suggesting a crucial role in ovarian cancer development. 48 Downregulation of HMGPB1 in CAOAC patients was consistent with a previously reported study showing lower expression in post-chemotherapy subjects due to their resistance to neoadjuvant drugs, 49 possibly suggesting their prognostic role in response to paclitaxel and carboplatin drugs. In addition, upregulation of HSP90ɑ and translationally controlled tumor protein (TPT-1) in both CAB and CAO patients, and upregulation of HSP70 in CAO patients compared to HS, is consistent with previous studies which reported their association with enhanced tumor invasiveness and malignancy. 50, 51 In contrast, HSP70, HSP90α, and TPT-1 were not detected in CAOAC subjects, possibly suggesting their chemosensitivity toward paclitaxel and carboplatin drug therapy. Other oncoproteins previously identified were known to be involved in progression and development of various cancerous tissues such as esophageal squamous cell carcinoma (ESCC), and breast and ovarian cancers. [52] [53] [54] For example, suprabasin (SBSN), showed no change in abundance in CAB and CAO subjects but was upregulated in CAOAC patients, which may be in response to neoadjuvant paclitaxel and carboplatin drugs. Similarly, stathmin (STMN1), also known as Op18, is known to be involved in cell invasion and cancer metastasis, 52 and was observed to be lower in abundance in CAO subjects. However, it is at odds with previous reports, whereby upregulation of STMN1in breast cancer cell lines promote cell proliferation and carcinogenesis. 53 This difference in abundance between CAB and CAO subjects could be due to cell or tissue type and specific to transformation. 54 Not surprisingly, STMN1 was not detected in CAOAC subjects, suggesting its possible sensitivity toward the neoadjuvant drugs, paclitaxel 55 and carboplatin. Of note, VASP and coronin-1A proteins, known to be involved in the cell migration process through ECM modulation, 39 was upregulated in CAO patients, but had lower expression in CAOAC patients, possibly in response to neoadjuvant drug therapy. VASP has also been previously reported to be functionally regulated by PKG1α and involved in chemoresistance, cell migration and invasion in ovarian cancer. 56 The comparison between ovarian cancer and drugtreated ovarian cancer patients was performed to identify differentially expressed proteins that could serve as markers to monitor progression of the therapeutic influence of neoadjuvant drugs. For example, Suprabasin is involved in progression and development of breast, ovarian and esophageal squamous cell carcinoma (ESCC). [52] [53] [54] Consistent with previous reports, suprabasin was upregulated in drug-treated samples but showed no change in expression in non-treated samples, and likely linked to the effects of neoadjuvant drugs. Similarly, prosaposin, an antimetastatic protein, inhibits the migration of ovarian cancer via stimulation of p53, was upregulated in drug-treated samples, compared to untreated samples, and could be associated with the drug sensitivity. 57 Metastasis promoting (by targeting the ECM substrate) proteins like MMP-9 and collagenase were upregulated in treated samples compared to untreated samples, consistent with previous studies reporting enhanced activity of these proteins, and associated with drug resistance. 58 Furthermore, a small proline-rich protein, previously reported to be involved in promoting ovarian cancer, 59 was significantly upregulated in drug-treated samples as compared to non-treated samples, and possibly associated with drug resistance. Taken together, significant changes in the expression of proteins in treated and non-treated samples could be related to sensitivity or resistance toward drugs used for the treatment. In summary, this is the first proteomic study to identify a pattern of differentially expressed salivary proteins as indicators of metastatic organotropism potential of breast and ovarian cancers, as well as their response to neoadjuvant (paclitaxel and carboplatin) drug therapy. Our study using whole saliva identified a total of 646 proteins, of which 409 proteins were identified, including 57 proteins which were either present/absent exclusively in one group or common in any of the two/three groups. Most metastatic-related proteins (eg, coronin-1A, TPT-1, VASP, HSP90α, cofilin, and Arp 2/3) were identified in both CAB and CAO patients, suggesting their association with organotropism of metastatic breast and ovarian cancers. Besides, protein interaction analysis revealed the majority of upregulated proteins in CAB patients were functionally linked, possibly signifying their aggressiveness of metastasis of breast cancer than ovarian cancer. Similarly, CORO-1A and VASP were downregulated, and SBSN, MMP-9 prosaposin, and small proline rich protein were upregulated. The expression of STMN1 was lower than the detectable limit, possibly in response to combined drug therapy, suggesting their possible association with a chemosensitive/resistant response. Considering the scarcity of literature available on organotropism to date, rigorous research is required using a large cohort of patients, with multiple cancers to confidently identify the proteins that may act as potential biomarkers and to better understand the complexity behind organotropism.
| SUPPLEMENTARY MATERIAL
Label-free quantitative analysis data excel file. Table S1 , contain total proteins identified in four groups and their CV%. Tables S2-S5 contains list of proteins which showed changes in abundance between CAB vs HS, CAO vs HS, CAB vs CAO, and CAO vs. CAOAC patients, respectively. Table S6 contains values obtained by a one-way ANOVA for all four sample groups. Supplementary Figure S1A -D shows western blot analysis across four groups (HS, CAB, CAO, and CAOAC) on individual samples (cohort 1: subjects/patients (N = 5) used for the discovery dataset and cohort 2: subjects/ patient (N = 5), an independent cohort).
